Abstract
I estimate the model with a rich panel of macroeconomic and bond data. The likeli-20 2 The cross-sectional variance of real-time in ‡ation forecasts explains 12% of variations in the …rst principal component of nominal yields and 8% of variations in the slope of the nominal yield curve. The empirical section contains more details on the data. 3 The worst-case is de…ned in terms of minimal expected life-time utility. 4 Goodfriend and King (2005) argue that rising long-term nominal bond yields during the monetary policy experimentation of the late 1970s and early 1980s were created by "in ‡ation scares". These are periods where investors are not sure about the future in ‡ation scenarios, and instead observe a wide range of future in ‡ation models. One can interpret my multiple prior in ‡ation model as a general equilibrium asset pricing model which supports that idea. Periods of incomplete central bank credibility in Goodfriend and King (2005) can be interpreted as periods of high in ‡ation ambiguity in my model.
hood based estimation is set-up such that the degrees of freedom that model uncertainty 1 adds to the econometrician are restricted dramatically. The estimated unconditional in ‡a-2 tion ambiguity premium is 1:75% for a nine year bond and 0:3% for a two year bond. In 3 contrast, the in ‡ation risk premium is ‡at at around zero, as expected for a low risk aver-4 sion economy. The reason for the in ‡ation ambiguity premium to be so steep is rooted in 5 the high persistence of trend in ‡ation. Robust distortions to trend in ‡ation die out only 6 slowly, which results in a steep accumulated ambiguity premium. The time variation of 7 the in ‡ation ambiguity premium matches with the time variation of the dispersion among 8 SPF in ‡ation forecasts. Times of increased dispersion characterize times of increased model 9 mistrust. In ‡ation ambiguity tends to spike at the beginning of recessions. The ten year 10 in ‡ation ambiguity premium climbed to 2:6% in the mid 1970s and the beginning of 1981.
12
The steep ambiguity premium provides an intuitive explanation for the shape of the yield 
25
In ‡ation ambiguity has a marginal e¤ect on the real side of the economy. The uncon-1 ditional quarterly trend consumption growth rate is 0:65% under the reference model and 2 0:64999% under the worst-case model. In contrast, the unconditional quarterly trend in ‡a-3 tion rate is 0:96% percent under the reference model, while it is 1:0675% under the distorted 4 model. This indicates that in ‡ation ambiguity can account for the term premium in nominal 5 bonds, while leaving the real side of the economy practically una¤ected. 
The Model

12
Time is continuous over t 2 [0; :::; 1). The complete …ltered probability space ( ; F; F; Q 0 ) I work with an endowment economy where the consumption process solves
1
Risk associated with the consumption stream is evaluated through a logarithmic utility function u(c t ) = ln(c t ), i.e.
where > 0 is the subjective time discount factor. 
Model Misspeci…cation Doubts
3
The beauty of the rational expectations assumption is that the investor knows the unique 4 model that generates the exogenous processes in the economy. Relaxing this assumption ex-
5
poses the investor to model uncertainty. Under model uncertainty, the investor is confronted 6 with a set of several models, which all could be the data generating process of the exogenous 7 processes in the economy.
9
The investor copes with model uncertainty by comparing all potential models via likelihood ratio tests. Such a likelihood ratio has a very convenient analytical characterization in my model. Let a T denote the likelihood ratio between the worst-case measure Q h and the
where the process h characterizes the conditional expected value and conditional variance of 10 the likelihood ratio. The growth rate of relative entropy is a martingale under the empirical measure
This implies that the investor does not expect to learn which model is correct. in ‡ation is higher than anticipated.
10
An ambiguity averse investor has min-max preferences. As an equilibrium outcome, he will evaluate his expected life-time utility under a worst-case measure
The next subsection explains how the min operator determines endogenously Q h .
13
The last equation can be rewritten under the benchmark (empirical) measure
where a t can be interpreted as a Radon-Nikodym derivative between the worst-case and the benchmark probability measure. 
where A; a ; are positive scalars, while is a negative scalar.
17
Formally, the investor seeks for each period t a distortion h t to the instantaneous trend in‡ation shock dW w that minimizes his expected life-time utility and that induces an expected growth in the log-likelihood ratio that is not larger than 
while it is zero under the approximate measure. Third, unconditional trend growth in con- 
Asset Pricing
18
De…ne M t;t+ to denote the intertemporal marginal rate of substitution (MRS). It is formally de…ned as
where U h c denotes the partial derivative of U h with regard to c. The MRS in the economy is a¤ected by changes in consumption growth and changes in in ‡ation ambiguity
1 2 The second term in the previous equation represents the log-utility consumption risk kernel. The third term denotes the in ‡ation ambiguity kernel. The MRS depends on (u t ; z t ; h t ), and it is driven by risk innovations dW c t (consumption risk) and ambiguity innovations dW w (in ‡ation ambiguity). This makes dW c the priced risk factor and dW w the priced uncertainty factor.
Note, that I specify (z; u) exogenously, while h is determined endogenously as the solution to (??) to (14). The real interest rate r is de…ned as r t dt := E t h dM 0;t M 0;t i and coincides with . The model implies that the nominal SDF depends multiplicatively on the consumption risk kernel, in ‡ation and the in ‡ation ambiguity kernel
The nominal interest rate R is de…ned as
and coincides with
The …rst inner parenthesis on the right hand side coincides with expected in ‡ation, the 1 second denotes precautionary savings and the last one presents the in ‡ation risk premium.
2
In ‡ation ambiguity does not increase precautionary savings. 6 It also does not a¤ect the spot is consistent with the notion that long-term bond yields are risk and ambiguity adjusted 7 averages of expected future short rates. 
Term Premium
1
Let N t ( ) denote the price of a -maturity nominal bond. It is formally de…ned as
The bond price contains an in ‡ation premium which accounts for in ‡ation risk and for in ‡ation ambiguity, i.e.
The in ‡ation risk premium is the traditional explanation for the term premium (Piazzesi and Schneider (2006), Wachter (2006), Buraschi and Jiltsov (2005)). It is positive if in ‡ation is bad news for future consumption. 7 It is known that a frictionless log-utility economy cannot reconcile the upward sloping term premium. Introducing in ‡ation ambiguity provides an additional economic reason for a positive term premium
The in ‡ation ambiguity premium is required in equilibrium because changes in aggregate There are mixed empirical results on the empirical magnitude of the in ‡ation risk premium. Hördahl and Tristani (2010) …nd evidence for a positive but low in ‡ation risk premium. An in ‡ation ambiguity premium could still explain why the nominal term premium is signi…cantly positive and upward sloping.
The in ‡ation premium in bond prices from equation (26) simpli…es to
The ambiguity increases the yields of nominal bonds. The endogenous distortion to trend in ‡ation shocks, h t = m h t , governs the time-series 7 behavior of the in ‡ation ambiguity premium. The slope of the term premium depends on the 8 persistence of trend in ‡ation, w . Trend in ‡ation is persistent in the data. Small instanta-9 neous distortions, w m h t , to trend in ‡ation a¤ect also long-term in ‡ation forecasts. An 10 increase in persistence leads to a steepening of the in ‡ation ambiguity premium. In contrast, 11 the in ‡ation risk premium depends on the persistence of trend consumption growth and the 12 magnitude of the correlation between in ‡ation and consumption. The exponentially a¢ ne MRS implies an a¢ ne term structure for real yields
where A r ( ) and B r ( ) are deterministic functions of the structural parameters. ginally smaller than trend consumption growth under the benchmark measure.
11
The nominal pricing kernel M $ is also exponentially a¢ ne. Nominal bond yields are a¢ ne in the state variables
where A $ ( ) and B $ ( ) are deterministic functions of model parameters. The analytical 12 solution follows directly from Du¢ e et al. (2000) .
14
The model is expected to explain the nominal term premium because changes in in ‡ation 15 ambiguity, da t , covary negatively with the real return on nominal bonds. data. The estimation methodology is set up such that it ties the hand of the econometrician.
19
First, the ambiguity process is restricted to follow an observable continuous-time AR (1) process. Second, I do not allow for other in ‡ation shocks, besides shocks to trend in ‡ation, 1 to be priced. Third, I restrict the macro parameters of the observable processes to not be 2 tweaked by the large bond yield panel. The last point is explained below in more detail. 
21
I discretize the Gaussian state processes, and realized in ‡ation and GDP growth by an
23
Euler-Marujama scheme. The quarterly transition density of theses discretized processes is 24 8 The SPF publishes forecasts for GDP growth but not for consumption growth. I therefore work with GDP data.
Gaussian. The resulting estimation is a Quasi Maximum Likelihood (QML) method. The heart of the estimation is a QML estimation. There are 18 parameters to be estimated 
Empirical Results
17
The equilibrium term structure model is estimated for the entire period of 1972 to 2009.
18
I use sample averages of the state variables to infer implied average yield curves and implied
19
average term premiums for particular subsamples. 
In ‡ation Ambiguity explains the Term Premium
21
The model provides the …rst empirical evidence in the literature that model uncertainty
22
together with log-utility can account for the nominal term premium. Figure (1) and Table   23 (3) present the estimated term structure of the in ‡ation ambiguity premium. The aver-age ambiguity premium is strongly upward sloping. The average premium for ambiguity 1 on trend in ‡ation has been 0:3% for the two year yield and 1:75% for the nine-year yield.
2
This premium has been higher during the monetary policy experimentation (1979) (1980) (1981) (1982) (1983) ) and 3 lower during the Great Moderation . The model captures this result through a 4 stochastic aversion against in ‡ation ambiguity.
6
The stochastic upper bound of the expected change of relative entropy has been higher 7 during the period of the monetary policy experimentation. This leads to higher equilibrium 8 distortions, w m h t , to trend in ‡ation. With all else equal, this leads to a more negative 9 conditional covariance between the uncertainty kernel and the real return on nominal bonds.
10
Trend in ‡ation is persistent (Table (1)). This explains why pessimistic distortions to trend 11 in ‡ation accumulate to sizeable in ‡ation ambiguity premiums for long-term nominal bonds.
12
This equilibrium channel for the term premium distinguishes the model from stochastic risk The in ‡ation premium has two components. An upward sloping in ‡ation ambiguity 18 premium and a ‡at in ‡ation risk premium. Table ( 3) shows that the in ‡ation ambiguity Accounting for in ‡ation ambiguity provides an explanation for high long-term nominal 25 bond yields and strongly downward sloping in ‡ation expectations during the early 1980s.
The lower panel of Table ( 3) shows that during the monetary policy experimentation, in ‡a-1 tion expectations (empirical measure) were on average 10:8% for a two year forecast horizon 2 and 8% for a nine year forecast horizon. The nominal yield curve has been only slightly 3 inverted during this period. My model attributes this to a strongly upward sloping in ‡ation 4 ambiguity premium. The set of potential in ‡ation models, or equivalently, the amount of 5 model mistrust, has been high during this period. An ambiguity averse investor distorts his 6 subjective forecast for trend in ‡ation and trend consumption growth more pessimistically.
7
The high persistence of trend in ‡ation makes instantaneous positive distortions to trend in-8 ‡ation die out slowly over time. The result is an upward sloping in ‡ation ambiguity premium 9 in nominal bond yields. Unreported estimation results show that if an econometrician estimates the model with the counterfactual restriction 2z > 0, the in ‡ation ambiguity premium would be close to zero, because a downward sloping premium produces large pricing errors for bond yields, without adding anything positive to the overall model …t. The numerical optimizer would prefer to rather work without the ambiguity state variable than to generate big pricing errors. looks at the ratio between the likelihood that the state vector has been generated by the 1 worst-case model compared to the likelihood that it was generated by the reference model. When model A (worst-case) generated the state vector, the likelihood of a model detection
< 0jA . When model B (approximate) generated the data, the probability of a model detection error is
> 0jB . The magnitude of both probabilities depends on the estimated m h = p 2A. The investor puts the same prior weight on both detection errors and determines the probability of detection error by
Hansen and Sargent (2008) My model implies a stochastic log-likelihood ratio between the worst-case and the approximate model
where I plugged in the equilibrium outcome h t = m h t .
3
The previous equation reveals that the magnitude of the detection error probability de- There are two reasons for the estimated detection error probability to be so high. First, parameter that controls the speed of mean reversion, w , is 0:07 (Table (1 
)). Besides
16
in ‡ation volatility, trend in ‡ation is the most persistent macro variable in the sample. The 17 result is that although expected future instantaneous distortions are small (high detection 18 probability error), since past distortions die out slowly, the accumulated distortions add up 19 to a sizeable ambiguity spread.
Estimation Fit
1
The average pricing error across all nine …tted nominal yields is …ve basis points per 2 quarter. Table ( 2) shows that the average pricing error on real bonds is fourteen basis points Piazzesi and Schneider (2006) use a recursive utility investor with a unique in ‡ation prior who faces parameter uncertainty. Their set-up ampli…es the in ‡ation risk premium to realistic values. Buraschi and Jiltsov (2005) show that a log utility framework with taxes can account for a meaningful in ‡ation risk premium.
requires in ‡ation to be a predictive carrier of future bad consumption news. Buraschi and 1 Jiltsov (2007), Wachter (2006) and Rudebusch and Swanson (2008) show that habit for-2 mation can be useful in amplifying the in ‡ation risk premium. In contrast to this work, Moreover, recent empirical evidence suggests that the in ‡ation risk premium might be rather 10 small (Hördahl and Tristani (2010)).
12
It is surprising that ambiguity about the in ‡ation model has been overlooked in the of 47:7% shows that the likelihood ratio between the worst-case and the reference in ‡ation 7 model is so high that an econometrician cannot judge which model has generated the ob- The high persistence of trend in ‡ation makes small instantaneous di¤erences in the in-11 ‡ation models accumulate to a sizeable di¤erence for long horizon forecasts. The impact on 12 the real economy is negative and small in terms of economic magnitude. The analysis con- The asymptotic standard errors are determined based on the score of the log likelihood. The second column that corresponds to row z t represents the estimate for 1z , the estimate for 2z is given in the third column. (1979) (1980) (1981) (1982) (1983) . Column maturity is in quarters. The abbreviations mean: r (real interest rate), E[ ] (trend in ‡ation (reference model)), IRP (in ‡ation risk premium), IAP (in ‡ation ambiguity premium), y $ (model implied nominal yield). The last column is the sum of column 2 to column 5. The data is annualized and in percent. This …gure presents the in ‡ation ambiguity premium in nominal bond yields for several timeperiods. The model is estimated over the entire sample 1972 to 2009 and sample averages are used to construct the premium for di¤erent periods. The di¤erent sample periods are the monetary policy experimentation (1979) (1980) (1981) (1982) (1983) , the Great Moderation , and the entire sample 1972-2009. The x-axis presents bond maturities in years. The y-axis is in percent and annualized. 
